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ABSTRACT

Ocimum is used in a variety of food industry and herbal drug industry. It is an important constituent of various traditional
medicines. Its essential oil content gives it a unique flavour. Its popular in curing various human diseases like malaria,
colic, vomiting, common cold, cough and skin problems. More than 60 varieties of Ocimum with a variety of leaf colour
from green, to red to violet. Its important to analyze the genetic basis of this variety. In our study, we have studied four
species of Ocimum: O. sanctum, O. basilicum, O. gratissimum and O. americanum taken from different geographical
regions. These species differ with each other in oil contents and secondary metabolites, like: linalool, estragole, and
cineole. Very few studies have been done to study the genetic variation among these species. We report a preliminary
study on estimation and analysis of genetic variation through random amplification of polymorphic DNA (RAPD) and
intersimple sequence repeat polymorphism (ISSR). The RAPD results showed amplified fragments in the range of 2500
to 250 bp., 60 % of them were polymorphic and the others monomorphic. We have got certain species specific bands for
Ocimum sanctum which can be utilized for authentication of the species. Among the ten ISSR primers tested, we have
got bands in the size range of 250 bp to 1 Kb., and the % polymorphism among the three species is found to be around
40%. Our results showed that both RAPD and ISSR techniques are sensitive, precise and efficient tool for genomic
analysis in the species’ of Ocimum. Such kind of studies are very useful to put Ocimum species in appropriate taxonomic

groups. DNA based markers like ISSR are more useful than the traditional morphological and biochemical markers.
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INTRODUCTION

Ocimum (Lamiaceae) is consists of aromatic herbs,
undershrubs or shrubs. It is widely distributed in the
tropical, subtropical and warm temperate regions of the
world®. Nine species of Ocimum belong to India?*. The
essential oils of Ocimum are highly valuable in the
perfumery and cosmetic industries. Its constituents are
linalool, linalyl acetate, geraniol, citral, camphor,
eugenol, methyl eugenol, methyl chavicol, methyl
cinnamate, thymol, safrol etc. These constituents vary
from species to species?, which effect the yield and
quality of essential oils®>”’. Certain authors have reported
genetic basis of this variety of essential oils. Various
DNA based studies have confirmed high level of intra-
and inter-specific genetic diversity in the genus Ocimum.
However, morphological studies failed to decipher the
diversity present in the genus. Morphologically similar
species possess different composition of essential oil2.
Therefore, it’s imperative to study the genetic basis of the
diversity of Ocimum. The usefulness of DNA based
markers lies in their abundance, high polymorphism and
freedom from environmental influences™%. The markers
used till now for understanding genetic diversity in
Ocimum are AFLP (amplified fragment length

polymorphism)®®, random amplified polymorphic DNA
(RAPD)"*! and inter-simple sequence repeat(ISSR)*?. If
we especially discuss the case of RAPD markers, they
amplify products of anonymous DNA sequences using
single, short and arbitrary oligonucleotide primers. In
many areas of science and Technology, because of its
simplicity RAPD has found a wide range of applications
as it does not require prior knowledge of a DNA
sequence'®1®, The main contribution of RAPD markers
are majorly utilized in assessing diversity within plant
populations®'’, In addition to it, these markers have their
application for constructing linkage maps and for tracking
parental origins of hybrid species®. The efficiency in
developing large number of DNA markers in a short time
with low expenditure as it requires less sophisticated
equipment has made the RAPD technique to have an edge
over other markers and thus made it to be valuable®®.
RAPD markers have been utilized for authentication of
medicinal plants as well™®!4. The advantages of this
technique are: DNA sample is sufficient in a small
amount for analysis. The factor of being useful in small
amounts and not being tissue specific, which are limited
in supply. As the genetic markers are not tissue specific,
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Ocimum sanctum

Figure 1: Banding pattern of Ocimum sanctum samples using RAPD primer A 1: Lane 1, 2, 3, 4, 5, and 6 contains 5
amplified bands each of sizes 2000bp, 1000bp, 750bp, 500bp and 250bp respectively.

Ocimum basilicum

Figure 2: Banding pattern of Ocimum basilicum samples using RAPD primer G 2: Lane 1, 2, 3 and 4 contains 8
amplified bands of sizes 2500bp, 2000bp, 1000bp, 900bp, 750bp, 600bp, 500bp and 250bp respectively.

1.5Kb geg
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Figure 3: Banding pattern of Ocimum sanctum, Ocimum basilicum, Ocimum americanum and Ocimum gratissimum
samples using RAPD primer A 5: Lane 1, 2 each contains 5 amplified bands of Ocimum sanctum samples of sizes
2000bp, 1000bp, 750bp, 500bp and 250bp respectively; Lane 3, 4, 5 and 6 contains 4 amplified bands of Ocimum
basilicum samples of sizes 2500bp, 1000bp, 750bp and 250bp respectively; Lane 7 contains 3 amplified bands of
Ocimum americanum of sizes 1500bp, 500bp and 250bp; Lane 8 contains 4 amplified bands of Ocimum
gratissimum of sizes 1000bp, 900bp, 750bp and 250bp.
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so they can be detected at any stage of development.
Inter-simple sequence repeat (ISSR) is a PCR-based
method developed by Zietkiewicz et al.®. It utilizes
repeat-anchored primers to amplify DNA sequences
between two inverted SSRs. Because of high annealing
temperature of ISSR primers, this technique is highly
reliable, reproducible besides being cost-effective. ISSRs
have been successfully used to estimate the extent of
genetic diversity at inter- and intra-specific level in a
wide range of medicinal plant species?*??. None of the
DNA based markers have been utilized for authentication
of the genus Ocimum. In the present study, we have
utilized for the first time RAPD and ISSR markers for
genetic diversity studies and authentication of Ocimum
spp. viz., sanctum, basilicum, americanum and
gratissimum.

MATERIALS AND METHODS

Source

Ocimum species var. Shyama and Basil were collected
from the herbal gardens of Amity University, Noida and
Jamia Hamdard (New Delhi); Ocimum gratissimum
sample were collected from the gardens of National
Botanical Research Institute (NBRI), Lucknow.

DNA Extraction

Young leaf tissue was excised from the plants, washed
thoroughly with distilled water and wiped off with clean
tissue paper to remove surface water completely and
lyophilized. Genomic DNA was extracted from using 100
mg of lyophilized leaf material our modified protocol®
and stored at -20° C till further use. DNA was quantified
using agarose gel electrophoresis and 1 Kb DNA Ladder
served as standard. Qualitative and quantitative
assessment was done by 0.8% agarose gel
electrophoresis.

RAPD Marker Analysis

A set of 10 random primers (Imperial Life Sciences, New
Delhi) were used for initial screening. Randomly
amplified polymorphic DNA assay was carried out in 15
pl reaction volume containing 50 ng DNA, 5 mM MgCl,,
2 mM each of dNTP, 10 uM random decamers, 0.6 U
Tag polymerase (Genei). Amplification was performed
with thermal cycler (Eppendorf Germany) using the
cycling parameters of Sarwat et al.?* One cycle of 94°C
for 2 min, 37 °C for 2 min, 72 °C for 2 min followed by
30 cycles of 94 °C for 1 min, 37 °C for 1 min, 72 °C for 1
min. The last cycle was followed by 10 min extension at
72 °C. The amplified products were resolved in 1.2%
agarose gel (0.5 X TBE), stained with ethidium bromide
(10 pg/ml) and photographed under UV light.

ISSR Marker Analysis

For ISSR analysis, a set of 20 primers were synthesized
from commercial source. These primers were tested for
their suitability for the Ocimum species studied. Ten
primers were found suitable. 20 ng of template DNA was
subjected to amplification with 7.5 uM of 3 -anchored
microsatellite primers, other components of the reaction
mixture include 5 mM MgCl,, 2 mM each of dNTP and
0.6 U Taq polymerase (Genei). Electrophoresis was
performed on 1.2% agarose gel. Amplification was

performed with thermal cycler (Eppendorf Germany)
using the cycling parameters of Sarwat et al.>* The
annealing temperatures of the cycling parameter were
readjusted for each microsatellite primers according to
their calculated melting temperature (Tm) based on the
sequence composition [Tm=4 (G+C)+2 (A+T)-
3 C]. The amplified products were resolved in 1.2%
agarose gel (0.5 X TBE), stained with ethidium bromide
(10 pg/ml) and photographed under UV light.

Statistical Analysis

The positions of the amplified bands were compared for
each accession and primer combination. The non
reproducibleand ambiguous bands were eliminated. The
bands were scored as 1 and 0 based on the basis of
presence and absence, respectively. Sizes of amplified
bands were estimated using Gel Pro analyzer software.
This gel was evaluated for final (Monomorphic and
Polymorphic) bands and % polymorphism was found out
by calculating the number of polymorphic bands divided
by the total number of bands.

RESULTS

The DNA obtained was of very high quality 50 ng to
100ng per ul. The quality was checked both
electrophoretically and spectrophotometrically confirmed
its high quality which can be utilized for PCR based
analyses. Out of those ten, 4 primers (Al, A4, A5 and
G2) vyielded good results. The intraspecific diversity
analyses among different accessions of Ocimum sanctum
showed 100 % monomorphic bands (Figure 1). Thus, our
intraspecific study of Ocimum sanctum tells us that
though the samples were taken from different places, they
were morphologically and genetically similar, depicting
that there is not much genetic diversity in Ocimum
sanctum plants. Similar results were obtained by
intraspecific study of different accessions of Ocimum
basilicum taken from different regions (Figure 2). In this
experiment, we found out species- specific bands to
differentiate between Ocimum sanctum and Ocimum
basilicum, which can be used to identify specific Ocimum
species, amongst these two, according to the requirement.
Along with this, we also found out that the bands for
different plants of Ocimum sanctum were mostly of
similar size, which tells us that these were not genetically
diverse. Interspecific study using RAPD primers A4, A5
show that bands of size of 2500 bp and 1500 bp are
species- specific markers for Ocimum basilicum and
Ocimum americanum as shown in Figure 1 and 2. In case
of Interspecies analysis, % polymorphism was found out
to be 60% using RAPD primer A 4 which showed that
there exists a considerable discrimination between
Ocimum sanctum and Ocimum basilicum samples which
were taken from different regions as shown in Table 1 &
2, Figure 3. Results of ISSR Analyses tallies with our
study on RAPD markers, depicting that ISSR confirms
the presence of genetic diversity amongst the three
Ocimum species (i.e. interspecific genetic diversity), the
% polymorphism with S1 was found to be 41.66% (Fig.
4, Table 3) while with S8 was found to be 38.06% (Fig. 5,
Table 3), giving a cumulative polymorphism as 40%.
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Figure 4: Banding pattern using ISSR primer S 1 from Lane 1 to Lane 10; Lane 1, 2, 3, 4 contains 2 amplified bands
of Ocimum sanctum of sizes 500bp and 250bp; Lane 5, 6, 7, 8 and 9 contains 3 amplified bands of Ocimum
basilicum samples each of sizes 1000bp, 500bp and 250bp; Lane 10 contains no amplified bands of Ocimum

gratissimum .

Figure 5: Banding pattern using ISSR primer S 8 for Ocimum basilicum and Ocimum gratissimum samples; Lane 1,
2, 3 and 4 contains 2 amplified bands of Ocimum basilicum each of sizes 500 bp and 300bp; Lane 5 contains 3
amplified bands of Ocimum gratissimum samples of sizes 750bp, 500bp and 250bp.

Table 1: Number of monomorphic and polymorphic bands produced with each of these primers

S no. No. Of bands Monomorphic bands Polymorphic bands % polymorphism
Al 35 35 0 0

A4 60 24 36 36/60 = 60%
A5 29 22 7 7/22 =31.81%
G?2 24 24 0 0

Through ISSR analysis we have got bands in the size
range of 250 bp to 1 Kb (Table 4).

DISCUSSIONS

RAPD can give results on a number of loci, higher than
any morphological or biochemical markers®. It is easy to
use these markers because they are less time consuming
and less labour intensive besides being economical?®.
These markers are shown to detect high polymorphism
than RFLP and AFLP markers??, The previous studies
based on the morphological, cytological and oil

characterstics grouped eleven species of Ocimum into two
sections?®*°, O. basilicum was grouped with O.
americanum and O. tenuiflorum was grouped with O.
gratissimum. Molecular marker studies unravel the
existing genetic diversity among these species and gave
more objective classifications. In Ocimum spp. RAPD
have been utilized by various scientists for the evaluation
of genetic diversity, interrelationship and phylogeny®, It
may be due to the possibility that most of the genetic loci
screened with RAPD markers were polymorphic w
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Table 2: Band sizes of the products obtained from RAPD primers

PRIMER A 1 PRIMER A 4 PRIMER G 2 PRIMER A5
LANE BAND SIZEOF LANE BAND SIZE LANE BAND SIZE LANE BAND SIZE
BAND(IN OF OF OF
Kb) BAND BAND BAND
(In kb) (In kb) (In kb)
2 1 2000 8 1 2500 3 1 2500 4 1 2000
2 1000 2 2000 2 2000 2 1000
3 750 3 1500 3 1000 3 750
4 500 4 1000 4 900 4 500
5 250 5 900 5 750 5 250
3 1 2000 6 750 6 600 5 1 2000
2 1000 7 600 7 500 2 1000
3 750 8 500 8 250 3 750
4 500 9 250 4 1 2500 4 500
5 250 9 1 2500 2 2000 5 250
4 1 2000 2 2000 3 1000 7 1 2500
2 1000 3 1500 4 900 2 1000
3 750 4 1000 5 750 3 750
4 500 5 900 6 600 4 250
5 250 6 750 7 500 8 1 2500
5 1 2000 7 600 8 250 2 1000
2 1000 8 500 5 1 2500 3 750
3 750 9 250 2 2000 4 250
4 500 10 1 2500 3 1000 9 1 2500
5 250 2 2000 4 900 2 1000
6 1 2000 3 1500 5 750 3 750
2 1000 4 1000 6 600 4 250
3 750 5 900 7 500 10 1 1500
4 500 6 750 8 250 2 500
5 250 7 600 6 1 2500 3 250
7 1 2000 8 500 2 2000 11 1 1000
2 1000 9 250 3 1000 2 900
3 750 11 1 2500 4 900 3 750
4 500 2 2000 5 750 4 250
5 250 3 1500 6 600
4 1000 7 500
5 900 8 250
6 750
7 600
8 500
9 250
15 1 2500
2 2000
3 1000
4 900
5 750
6 600
7 500
8 250
16 1 2500
2 2000
3 1000
4 900
5 750
6 600
7 500
8 250
17 1 2500
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2000
1000

900
750
600
500
250
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Table 3: No of polymorphic and monomorphic bands produced by each of the ISSR primers

ISSR primer No. Of bands  Polymorphic bands  Monomorphic bands % polymorphism
S1 17 5 12 5/17= 41.66%
S8 27 8 21 8/21=38.09%

Table 4: Band sizes of products obtained from ISSR
primers

Primers 1 Primer s 8
Lane Band Sizeof Lane Band Size of

band band
3 1 500 12 1 1000
2 250 2 750

6 1 1000 3 500
2 500 4 250
3 250 13 1 1000

7 1 1000 2 750
2 500 3 500

3 250 4 250

8 1 1000 14 1 1000
2 500 2 750

3 250 3 500

9 1 1000 4 250
2 500 15 1 1000

3 250 2 750

10 1 750 3 500
2 500 4 250

3 250 16 1 500

2 300

17 1 500

2 300

18 1 500

2 300

19 1 500

2 300

20 1 750

2 500

3 250

respect to one or more species. High level of genetic
dissimilarity (up to 80%) was observed between Ocimum
species, while the high intraspecific genetic divergence in
O.basilicum and O. tenuiflorum germplasm. Through
RAPD markers high degree of polymorphism (98.28%)
have been revealed among the 32 accessions consisting of
five Ocimum species®. Singh et al.® used RAPD markers
to observe genetic relationships among thirty germplasm
accessions from five Ocimum species. Very high degree
of polymorphism (98.20%) have been recorded in this
study. The intraspecific diversity is reported to be much
lower (44.83%) as shown by lbrahim et al.* in the three
varieties of Ocimum basilicum. According to Lal et al.*

O. basillicum and O. gratissimum were not so similar so
that they can be included in one group. Contrarily,
Harisaranraj et al.** showed O. basillicum to be more
similar to O. gratissimum than O. americanum. Also O.
basillicum and O. gratissimum fall in one group in
dendogram. These kind of divergent data necessitates the
use of more than one marker system to analyse genetic
diversity. Another useful marker employed for
characterization of genetic diversity is ISSR. Some
studies®*3 have considered ISSR to be a better tool than
RAPD for phylogenetic studies. ISSR primers are
considered to be more informative than RAPD?%,
Whereas, others showed equal efficiency of both RAPD
and ISSR markers®. They reported that both markers are
equally useful for differentiating the closely related
cultivars of Catharanthus roseus. Another study by
Lalhruaitluanga and Prasad®® on Melocanna baccifera
Roxb. showed comparative analyses of RAPD and ISSR
markers for genetic diversity. High level of
polymorphism was detected 98.02% (through RAPD) and
84.1% (through ISSR). The combined analyses of RAPD,
ISSR and SSR revealed that Ocimum basilicum and
Ocimum americanum were the most similar and Ocimum
viride and Ocimum americanum are highly dissimilar®.
Another study by Chen et al.*® on 37 accessions of
Ocimum belonging to 4 species (O. basilicum, O.
americanum, O. gratissimum and O. tenuiflorum) also
revealed high level of genetic polymorphism among the
species. ISSR exibited the highest polymorphism (97%)
followed by RAPD (95%) and SRAP (93%). This study
also shows that a combination of markers (ISSR, RAPD
and SRAP) is more useful as it spans different regions of
the genome. Our results corroborate with the above
findings, as we got high level of genetic dissimilarity
between the three species of Ocimum studied, thus
demonstrating substantial genetic variation at the level of
within species and between species. This shows that the
genetic base of Ocimum genus is quite broad.

CONCLUSIONS

The species specific markers amplified in this study can
be converted into simple PCR-based sequence-
characterized amplified region (SCAR) markers which
will allow the screening of large number of samples and
populations from different regions. All markers can be
tested against other potential species. A set of highly
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differentiating markers can be used as diagnostic markers
to identify the raw material for herbal drugs of different
species and different regions, the data of which would
contribute to the authentication of herbal medicines, to
avoid batch to batch variations in extraction of standard
drugs and to devise strategies for forest conservation and
biodiversity.

REFERENCES

1. Paton A, Harley RM, Harley MM. Ocimum - an
overview of relationships and classification. In; Holm
Y, Hiltunen R (Eds.), Ocimum. Medicinal and
Aromatic Plants — industrial profiles. Hardman,
Hardwood Academic, Amsterdam, 1999.

2. Anonymous. Ocimum Linn. Labiatae. Wealth of India.
CSIR Publication, New Delhi, India, 1966, 79-89

3. Willis JC. A Dictionary of Flowering Plants and
Ferns. Cambridge University Press, 7th edn., 1966.

4. Balyan SS, Pushpangadan P. A study on the
taxonomical status and geographic distribution of the
genus Ocimum PAFAI J; 1988: 13-19.

5. Zheljazkov VD, Callahan A, Canterll CL. Yield and
Oil Composition of 38 Basil (Ocimum basilicum L.)
accessions grown in Mississippi. J Agr Food Chem
2008; 56: 241-245.

6. Carovic'-Stanko K, Liber Z, Politeo O, Strikic” F,
Kolak I, Milos M, Satovic Z. Molecular and chemical
characterization of the most widespread Ocimum
species Plant Syst Evol 2011; 294:253-262.

7. De Masi L, Siviero P, Esposito C, Castaldo D, Siano
F, Laratta B. Assessment of agronomic, chemical and
genetic variability in common Basil (Ocimum
basilicum L.). Eur Food Res Technol 2006; 223:273—
28.

8. Labra M, Miele M, Ledda B, Grassi F, Mazzei M,
Sala F. Morphological characterization, essential oil
composition and DNA genotyping of Ocimum
basilicum L. cultivars. Plant Sci 2004; 167:725-731

9. Singh A, Dwivedi S, Bharti S, Srivastava A, Singh V,
Khanuja S. Phylogenetic relationships as in Ocimum
revealed by RAPD markers. Euphytica 2004; 136: 11-
20.

10.Sarwat M, Yamdagni MM. DNA barcoding,
microarrays and next generation sequencing: recent
tools for genetic diversity estimation and
authentication of medicinal plants. Critical Rev
Biotech 2016; 29: 1-13.

11.Harisaranraj, R, Prasitha R, Saravana S, Suresh K.
Analysis of Inter-Species Relationships of Ocimum
Species Using RAPD Markers. Ethnobot Leaflets
2008; 12: 609-613.

12. Aghaei M, Darvishzadeh R, Hassani A. Molecplar
characterization and similarity relationships among
Iranian basil (Ocimum basilicum L.) accessions using
inter simple sequence repeat markers. Revista Ciéncia
Agronbmica 2012; 43: 312-320.

13.Sarwat M, Das S, Srivastava PS. A Comparison of the
AFLP and SAMPL Molecular Markers in
Characterizing Genetic Diversity of Terminalia

arjuna- the Backbone of Tasar Silk Industry. Plant
Syst Evol 2011; 293: 13-23.

14.Sarwat M, Das S, Srivastava PS. Estimation of
Genetic Diversity and Evaluation of Relatedness
through Molecular Markers among Medicinally
Important Trees: Terminalia arjuna, T. chebula and T.
bellerica. Mol Bio Rep 2011; 38: 5025-5036.

15.Sarwat M, Nabi G. Amplified fragment length
polymorphism: a useful and versatile technique for
medicinal plant research. In: Igbal M, Ahmad A, eds.
Recent trends in medicinal Botany. New Delhi: 1K
International, 2014, 23-40.

16.Dawson JK, Chalmers KJ, Waugh R, Powell W.
Detection and analysis of genetic variation in
Hordeum spontaneum populations from Israel using
RAPD markers. Mol Ecol 1993; 2: 151-159

17.Hu J, Quiros J. Identification of broccoli and
cauliflower cultivars with RAPD markers. Plant Cell
Rep 1991; 10: 505-511.

18.Crawford DJ, Brauner S, Cosner MB, Stuessy T. Use
of RAPD markers to document the origin of the
intergeneric hybrid x Margyrocaene skottsbergii
(Rosoceae) on the Juan Fernandez Island. Am J Bot
1993; 80: 89-92.

19.Bardakci F. Random Amplified Polymorphic DNA
(RAPD) Markers. Turk J Biol 2001; 25: 185-196.

20.Zietkiewicz E, Rafalski A, Labuda D. Genome
fingerprinting by Simple Sequence Repeat (SSR)-
anchored polymerase chain reaction amplification.
Genomics 1994; 20: 176-183.

21.Yao H, Zhao Y, Chen DF, Chen JK, Zhou TS. ISSR
primer screening and preliminary evaluation of
genetic diversity in wild populations of Glycyrrhiza
uralensis. Biol Plantarum 2008; 52: 117-120.

22.Sarwat M. ISSR: a reliable and cost-effective
technique for detection of DNA polymorphism. Meth
Mol Biol 2012; 862: 103-21.

23.Sarwat M, Negi M, Tyagi AK, Lakshmikumaran M,
Das S and Srivastava PS (2006) A Standardized
Protocol for Genomic DNA Isolation from Terminalia
arjuna for Genetic Diversity Analysis. Elect J Biotech
2006; 9: 1.

24.Sarwat M, Das S, Srivastava PS. Comparison of
AFLP, SAMPL, ISSR and RAPD markers and
analysis of genetic diversity in Tribulus terrestris
genotypes. Plant Cell Rep 2008; 27: 519-528.

25.Sarwat M, Nabi G, Das S, Srivastava PS. Molecular
markers in medicinal plant biotechnology: past and
present. Crit Rev Biotech 2012; 32: 74-92.

26.Khanuja SPS, Shasany AK, M.P. Darokar. Molecular
taxonomy: the tools and relevance in plant research. J
Med Arom PI Sci 1998; 20: 996-999.

27.Thormann CE, Ferreira ME, Camago LE, Tivang JG,
Osborn TC. Comparison of RFLP and RAPD markers
to estimate genetic relationships within and among
cruciferous species. Theor Appl Genet 1994; 88: 973—
980.

28.Das, S, Rajgopal J, Bhatia S, Srivastava PS,
Lakshmikumaran M. Assessment of genetic variation
within Brassica campestris cultivars using amplified

IJPPR, Volume 8, Issue 8: August 2016

Page 1423



Sarwat et al. | RAPD and ISSR...

fragment length  polymorphism and random
amplification of polymorphic DNA markers. J Biosci
1999; 24: 433-440.

29.Sobti SN, Pushpangadan P. Studies in genus Ocimum:
cytogenetics, breeding and produciton of new strains
of economic importance. In: Atal CK, Kapoor BM
(Eds.), Cultivation and Utilization of Medicinal and
Aromatic Plants, Regional Research Laboratory,
Jammu, 1977, 273-286.

30.Khosla, MK. Study of inter-relationship, phylogeny
and evolutionary tendencies in genus Ocimum. Ind J
Genet 1995; 55: 71-83.

31.Sarwat M, Srivastava S, Naved T. Diversity Analyses
in Ocimum Species: Why and How? Int J Pharmacog
Phytochem Res; 2016: In Press.

32.Lal S, Mistry KN, Thaker R, Shah SD, Vaidya PB.
Genetic diversity assessment in six medicinally
important species of Ocimum from Central Gujarat
(India) utilizing RAPD, ISSR and SSR markers. Int J
Appl Biol Res 2012; 2(2): 279-288.

33.1brahim MM, Aboud KA, Al-Ansary AMF Genetic
Variability Among Three Sweet Basil (Ocimum
basilicum L.) Varieties as Revealed by Morphological
Traits and RAPD Markers. World Appl Sci J 2013; 24
(11): 1411-14109.

34.Ajibade S, Weeden, NF, Michite S. Inter simple
sequence repeat analysis of genetic relationships in the
genus Vigna. Euphytica 2000; 111(1): 47-55.

35.Galvan, MZ, Bornet B, Balatti PA, Branchard M. Inter
simple sequence repeat (ISSR) marker as a tool for the
assessment of both genetic diversity and gene pool
origin in common bean (Phaseolus vulgaris L.).
Euphytica 2003; 132(3): 297-301.

36.Nagaoka T, Ogihara Y. Applicability of inter simple
sequence repeat polymorphisms in wheat for use as
DNA markers in comparison to RFLP and RAPD
markers. Theor Appl Gen 1997; 94: 597-602.

37.Shaw RK, Acharya L Mukherjee AK. Assessment of
genetic diversity in a highly valuable medicinal plant
Catharanthus roseus using molecular markers. Crop
Breed Appl Biotech 2008; 9: 52-59.

38. Lalhruaitluanga H, Prasad MNV. Comparative results
of RAPD and ISSR markers for genetic diversity
assessment in Melocanna baccifera Roxb. growing in
Mizoram State of India. Afr J Biotechnol 2009; 8(22):
6053-6062.

39.ChenSY,Dai T X, ChangY T, Wang S S, Ou S L,
Chang W L, Cheng C Y. Genetic diversity among
Ocimum species based on ISSR, RAPD, SRAP
markers. Aust J Crop Sci 2013;7: 1463-1471.

IJPPR, Volume 8, Issue 8: August 2016

Page 1424



